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Promising  Thermal  Source  of  Boron  Atoms 

J.  Harper  and  C.  W.  Larson 
Propulsion  Science  and  Advanced  Concepts  Division 
Air  Force  Research  Laboratory 
10  E.  Saturn  Blvd. 

Edwards  AFB,  CA  93524-7680 

A  “cannon”  design  has  been  tested  as  a  high  flux  thermal  source  of  pure  boron  atoms.  Boron  is  packed  into 
a  central  channel  of  a  V*  in.  graphite  rod  with  the  open  end  pointed  towards  the  deposition  substrate.  A 
refractory  metal  sheath  surrounds  and  heats  the  carbon  as  the  applied  current  increases.  Successful  argon 
matrix  isolation  experiments  indicate  that  the  boron  cannon  will  be  an  effective  way  to  produce  pure  boron 
atoms.  Products  from  previous  thermal  techniques  that  used  carbon  as  a  container  in  which  to  heat  boron, 
have  been  heavily  contaminated  with  carbon  and  boron/carbon  compounds.  The  cannon  design  exploits  the 
difference  in  vapor  pressures  of  boron  and  carbon  at  a  given  temperature.  The  design,  operating 
temperature,  and  procedure  for  heating  the  cannon  are  still  being  optimized.  Because  of  the  higher  flux  of 
boron,  hard  to  detect  species  such  as  B2C,  are  more  easily  observed.  Experiments  also  confirm  that  carbon 
monoxide  (CO)  is  a  thorough  scavenger  of  boron  atoms.  When  large  amounts  of  CO  are  present,  BCO  and 
clusters  of  these  molecules  are  the  only  products.  This  procedure  could  be  developed  into  a  diagnostic  for 
the  presence  of  B  atoms. 
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Goal:  Development  of  High  Flux  Pure  Boron  Atom  Source 
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Boron  Cannon”  Thermal  Source 
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Open  Side  View  Water-cooled  copper  heatshield 


Experimental  Observations: 

Removed  refractory  metal  and  heated  carbon  rod  directly.  Difficulty  in 
maintaining  good  electrical  contact  between  carbon  and  copper  electrodes.  Reinstalled 
refractory  metal. 
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indication  of  substrate  temperature. 
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Analysis 


An  expression  for  the  ratio  of  boron  atoms  to  carbon  atoms  is  below.  It  assumes  that 
formation  of  the  selected  species  occurs  primarily  through  addition  of  one  atom  to  a 
preexisting  species  (for  example,  B  +  Ce  =  BC6  or  C  +  C&  -  C7)  and  that  the  preexisting 
species  does  not  have  an  affinity  for  one  element  over  the  other. 

ptfjC-A  M(H + of  *Y 

fC.  ~  J'  W 

Equation  1 


In  the  case  of  n=3  the  assumption  that  Cn  is  formed  by  C  +  C2  =  C3  is  invalid  because  the 
composition  of  the  vapor  effusing  from  a  graphite  source  at  2150°C  is  52%  C3,  32%  C, 
and  16%  C2.  (refrThom  and  Winslow)  Therefore  the  ratio  of  BC2  to  C3  does  not  give  a 
true  picture  of  the  atom  composition  in  the  system.  The  same  is  true  for  the  ratio  of  B2C 
to  C3.  However,  BC2  and  B2C  can  be  compared  to  give  an  accurate  picture  of  the  B/C 

ratio. 

pBC2  (3-l  +  l)pV  B 

p£ 3_  _  1!  Icj  _  C  =C_ 

pBjC  (3)(3-2  +  l)pV  B 

pC  3  2!  \C  J 

Equation  2 

Therefore  the  ratio  of  B2C  to  BC2  indicates  the  ratio  of  boron  to  carbon  atoms  in  the 
system. 

The  ratio  was  made  with  the  integrated  areas  of  the  signals  in  the  infrared  spectra  for 
these  molecules,  divided  by  the  intensity  of  their  IR  absorbance.  Because  BC2  reacts 
within  the  matrix  during  annealing,  measurement  of  the  initial  B/C  ratio  is  the  most 
accurate.  For  the  experiment  run  at  the  highest  temperature,  which  produced  the  most 
carbon,  the  B/C  ratio  was  1.32.  Due  to  the  presence  of  measurable  quantities  of  other 
carbon  species  in  that  matrix.  Equation  i  was  used  to  determine  the  ratio  of  B/C  atoms 
from  BC6/C7  (0  79)  and  BC3/C4  (0.68).  Considering  the  overwhelming  abundance  of 
carbon  relative  to  boron  (0.958g  vs.  0.005g)  in  the  system,  this  design  is  effective  in 
enhancing  the  output  of  boron.  Future  experiments  will  aim  to  increase  the  amount  ot 
boron  available  for  effusion  without  exceeding  the  tolerance  of  the  carbon  rod. 
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CO  as  a  Boron  Atom  Scavenger 


CO  is  an  effective  scavenger  of  boron  atoms.  In  the  matrix  which  contained  few  carbon 
species,  the  vast  majority  of  products  were  BCO  and  other  Bx(CO)y  species. 
Unfortunately  the  absorption  intensities  for  many  of  these  polymers,  some  of  which  have 
not  been  conclusively  identified,  have  not  been  calculated.  This  limits  quantitative 
analysis  of  the  boron  atom  content  of  the  matrix. 

However,  with  a  reduced  concentration  of  CO  and  less  heat  load  on  the  substrate  it  is 
probable  that  BCO  would  be  the  primary  product.  With  the  IR  intensities  recently 
calculated  by  Liang  and  Andrews1  (403  km/mol  for  nB12C160,  401  km/mol  for 
10B12C16O,  385  km/mol  for  uB13C160,  and  383  km/mol  for  nB12C180),  it  would  be 
relatively  easy  to  determine  the  amount  of  boron  atoms  present  in  a  matrix. 

Qualitative  comparison  to  the  B  +  CO  spectra  published  by  Burkholder  and  Andrews 
illustrates  that  the  number  of  boron  atoms  produced  from  this  thermal  source  is 
comparable  to  that  obtained  from  their  laser  ablation  technique.  (See  overlay  for 
comparison.)  By  optimizing  the  design  of  the  thermal  experiments,  the  boron  atom 
output  will  likely  exceed  the  laser  technique.  A  high  flux  source  of  boron  atoms  is 
critical  to  achieving  the  5%  dopant  concentration  for  an  ideal  HEDM. 


^iang,  B.  and  Andrews,  L.  unpublished  data  communicated  on  30  May  1999. 

2Burkholder,  T.  R.  and  Andrews,  L.  J.  Phys.  Chem.  1992,  96, 10195-10201.  Reaction  of 
Boron  Atoms  with  CO.  Matrix  Isolation  Spectra  of  BCO,  (BCO)2,  and  B(CO)2. 
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matrix  isolation  apparatus  operated  by  Simon  Tam  and  Mario  Fajardo  to  test  the 
viability  of  boron  atoms  in  solid  H2. 


Conclusions 


The  boron  cannon  shows  promise  as  a  high  flux  source  of  pure  boron  atoms.  Thus  far  the 
boron  concentration  from  this  configuration  is  equivalent  to  that  observed  with  laser 
ablation. 


A  boron/carbon  atom  ratio  of  approximately  1  was  obtained.  This  ratio  indicates  far  less 
carbon  contamination  than  that  observed  from  previous  thermal  sources  which  used 
carbon  as  a  container  for  boron.  (ref.Presilla-Marquez,  Larson,  and  Carrick,  J.  Chem. 
Phys.  105  (9),  1996  for  example) 


The  approximate  ratio  of  boron  to  carbon  is  highly  dependent  on  the  operating 
temperature  of  the  cannon.  An  actual  ratio  could  not  be  calculated  for  matrices  produced 
at  lower  temperatures  because  there  were  not  detectable  levels  of  carbon  species  in  those 
matrices. 


Confirmation  of  Larson’s  B2C  assignment  at 
Phys.) 


1398.2  cm'1  for  nB212C.  (ref.J.  Chem. 


V  % 


CO  is  an  excellent  scavenger  of  boron  atoms.  This  effect  could  be  developed  into  a 
diagnostic  to  determine  the  boron  concentration  of  a  matrix. 
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